ABSiltRA(A' The amounts of unintegrated miurme leukemia virus-specific DNA detected by molecular hybridization in extracts of IFv-ln/n (strains NIH/3T3, SIM) or Fv-lb/b (strains JLS-V9, SIM.R) mouse cells after infection with N-or B-tropic viruses were found to be the same in both permissive and resistant cells. Therefore, formation of DNA products from the viral RNA template does not appear to be grossly affected by the Fv-1 gene product.
Fv-1 gene restriction is a post-penetration event because viral pseudotypes, in which coats of N-or B-tropic MuLV surround the vesicular stomatitis virus genome, are not restricted by murine FvjOn/n or Fv-1 b/b cells (4, 5) . In previous work (6), we have shown that the late events of the virus cycle, namely, virus production and accumulation of virus-specific RNA, are blocked in Fv-1 -resistant cells infected with N-or B-tropic viruses. These results suggest that the Fv-1 gene product in nonpermissive cells blocks eitlier the transcription of integrated proviral DNA or the integration or synthesis of proviral DNA.
To distinguish among these possibilities, we have studied the early events of the virus cycle. We report here that accumulation of proviral DNA by the reverse transcription process is not affected by the Fv-1 gene product, but integration of proviral DNA into cellular DNA does not occur in Fv-1 -resistant cells.
MATERIALS AND METHODS
Cells and Viruses. The origins of JLS-V9 cells (7) and of NIH/3T3, BALB/3T3, SIM, and SIM.R cells (8) have been given. The cloiied N-tropic virus (N-CI-35) and B-tropic virus (B-Cl-ll) have been described (8) . The virus titers of stocks were 1-5 X 106 plaque-forming units/ml as determined on permisAbbreviations: MuLV, murine leukemia virus; cDNA, DNA complementary to the MuLV genome, made by reverse transcription in vitro, Cot, initial concentration of DNA (moles of nucleotide/liter) X time (sec). * Present address: Institut de Recherches Cliniques de Montreal, 110 Ouest Avenue des Pins, Montreal, Canada. sive NIH/3T3 or BALB/8T3 cells by the XC plaque assay (9) .
Virus Infection and Infective Center Assay. Subconfluent cells, grown in 257 mm roller bottles, were infected with 10-15 ml of virus suspension in the presence of 8 Mg/ml of Polybrene (10) for 10-12 hr. Cells were then fed with 40 ml of medium and incubated. To determine the percentage of infected cells, 5-10 hr after infection, cells from each group were dispersed in 0.5% trypsin and an infective center assay was performed as previously described for JLS-V9 (7) or for NIH/3T3, SIM, and SIM.R cells (8 (15) .
To assay the hybridization of network pellet DNA, it was mixed in 0.05 ml reaction volumes with [3H]cDNA (600-90 cpm) and sealed in capillaries for hybridization. The mixtures were boiled for 5 min, cooled on ice, and incubated at 67°. At different times, capillaries were transferred at 40 to stop the annealing reaction. Hybridization of [3H]cDNA to virus-specific DNA was measured by Si nuclease resistance, as described (11), and was plotted versus the input DNA concentration (Co) multiplied by the time of hybridization (t) (16) . The Cot values have been corrected to an equivalent Cot at a Na+ concentration of 0.18 M (17) .
RESULTS
Effect of Fv-1 alleles on viral DNA production Soon after they enter cells, the RNA genomes of murine (7, (18) (19) (20) and avian (21, 22) leukemia or sarcoma viruses are copied into linear and closed-circular double-stranded DNA molecules. It is not known at present which of these molecules is the precursor of the integrated DNA found later in the infection.
To determine whether the Fv-1 gene product affects this reverse transcription process, we have measured the amount of virus-specific DNA made early after infection of Fv-1-sensitive and resistant cells. In these experiments, infection was allowed to proceed for 10-12 hr before viral DNA was assayed because Gianni et al. (7) showed that the maximal amount of unintegrated proviral DNA is found at this time.
To assay for free viral DNA, cells were extracted by the Hirt procedure (12), a technique that efficiently separates lowmolecular-weight DNA (supernatant) from high-molecular- (Fig. 3) tured and renatured briefly to allow network formation by reannealing of the highly reiterated cellular DNA sequences (14) . The network DNA was then collected, broken, denatured, and annealed in a greater than 2 X 106-fold excess to [3H]cDNA for various lengths of-time to detect virus-specific DNA sequences.
A B-tropic cDNA probe will hybridize extensively to most uninfected murine cell DNA (23, 30) . With cellular DNA from some mouse strains, however, the reaction reaches a plateau value before all of the available cDNA sequences have been annealed, because part of the cDNA is not represented in the virus-related sequences of the cell (30) . In such cells, the acquisition of new sequences can be detected after infection. We have chosen two such murine lines, NIH/3T3 and SIM.R cells, and have attempted to detect the addition of new sequences following infection by N-tropic or B-tropic MuLV. We have assayed for newly integrated DNA at 35-48 hr after infection because, at that time, susceptible cells have started making viral RNA-an indication that integration has occurred-but they have made little progeny virus, thus minimizing the chance for secondary infection (6 (Fig. 4) . Uninfected cell DNA protected 40% of the cDNA, while DNA from B-tropic MuLV-infected cells protected at least 60% of the probe, and a plateau was not achieved. Even at Cot values of 102-103, infected cell DNA hybridized much more extensively to the probe than did DNA from uninfected cells.
In contrast the high-molecular-weight DNA from N-tropic MuLV-infected SIM.R cells hybridized only slightly more extensively than the DNA of the uninfected cells (Fig. 4) . The acquisition of some new sequences after N-tropic MuLV infection is suggested by the final slope of the hybrdization curve in Fig. 4 . However, the hybridization curve for the N-tropic MuLV-infected cell DNA is displaced on the Cot axis by at least 50-fold from the curve for the B-tropic MuLV-infected cell The converse experiment, carried out with NIH/3T3 cells (Fv-1 n/n), gave the same result for the Fv-1 n allele. Infection with N-tropic MuLV increased the maximum hybridization level from 40% to 55%, while infection with B-tropic MuLV resulted in at most a slight addition of new sequences (Fig. 5) (38) .
